BACKGROUND Recent studies suggested that perivascular components, such as perivascular adipose tissue (PVAT)
C oronary artery spasm plays an important role in the pathogenesis of a wide range of ischemic heart disease, not only in variant angina but also in other forms of angina pectoris and myocardial infarction (1, 2) . Recent studies have demonstrated that coronary spasm is also frequently noted in Caucasians and in Asians (3) . We have previously demonstrated that activation of Rho-kinase, a molecular switch for vascular smooth muscle contraction, is a central mechanism of coronary spasm in animals and humans (1, 4, 5) . We also have recently demonstrated that optical coherence tomography (OCT) enables the precise measurement of vasa vasorum (VV) area and that adventitial inflammatory changes, including VV formation, play important roles in the pathogenesis of coronary spasm in pigs and humans (6) (7) (8) .
The perivascular components, such as VV and perivascular adipose tissue (PVAT), have attracted much attention as sources of vascular inflammation (9) . Indeed, PVAT is regarded as an active endocrine and paracrine organ that produces a variety of cytokines (e.g., interleukin [IL]-1b) (9) . Epicardial adipose tissue volume measured by cardiac computed tomography (CT) is also significantly associated with cardiovascular events (10, 11) . However, it remains to be fully elucidated whether coronary artery spasm is associated with perivascular inflammation including coronary adventitia and PVAT in patients with vasospastic angina (VSA).
Functional alternations of the coronary artery are associated with PVAT inflammation (9) (10) (11) . We have recently demonstrated that coronary PVAT volume is increased at the spastic coronary segment of VSA patients by CT coronary angiography (CTCA) (12) , which suggests involvement of PVAT inflammation in the pathogenesis of the spasm. Currently, 18 Ffluorodeoxyglucose (FDG) positron emission tomography (PET)/CT is widely used to detect inflammation because it reflects the metabolic activity of glucose, which is known to be enhanced in inflamed tissue (13, 14) . Indeed, we have recently demonstrated that 18 F-FDG PET/CT is useful for the assessment of coronary perivascular inflammation in pigs in vivo (15) . However, it remains to be examined whether 18 F-FDG PET/CT is also useful to assess disease activity and functional changes in the coronary adventitia and PVAT in VSA patients.
In the present study, we thus prospectively examined whether coronary artery spasm was associated with perivascular inflammation in VSA patients using 18 F-FDG PET/CT, and if so, whether imaging modalities (CTCA and OCT) were useful for detecting morphological alternations of coronary adventitia and PVAT and whether 18 F-FDG PET/CT was also useful to assess disease activity after medical treatment.
METHODS
The ethics committee of Tohoku University Graduate Evidence for Coronary and PVAT Inflammation in VSA Society guidelines as previously reported (16) (17) (18) (19) . We performed quantitative coronary angiography to assess coronary vasomotor responses (Online Figure 1 ). The diagnosis of VSA was made when a total or subtotal (>90%) coronary artery narrowing accompanied by chest pain or ischemic ECG changes was noted (17) . We also evaluated the extent of coronary vasoconstriction at segment 7 for correlations with coronary PVAT volume and perivascular FDG uptake.
MEASUREMENT OF CORONARY PVAT VOLUME WITH (21, 22) . In this study, the PET and CT images at 75% to 100% R-R interval were used for the analysis. The standardized uptake value (SUV) was Table 1 ). The prevalence of organic stenosis #50% in the LAD was also comparable between the 2 groups (Online Table 2 ).
EVALUATION OF CORONARY PVAT VOLUME WITH
CTCA. Cross-sectional CT images and 3-dimensional reconstructed CT images of coronary PVAT showed that coronary PVAT volume was increased at the spastic LAD in the VSA group compared with the non-VSA group (Figures 2A to 2D Figure 2E ). Importantly, there was a significant positive correlation between the extent of coronary PVAT volume Table 3 ).
OCT examination showed that adventitial VV area Table 4 ).
Medications at baseline and follow-up in the VSA group are shown in Online 
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Representative cross-sectional OCT images and 3-dimensional reconstruction of OCT images of a non-VSA subject (A to C) and a VSA patient (D to F). It is evident that coronary adventitial VV formation is enhanced in a VSA patient compared with a non-VSA subject. OCT examination showed that adventitial VV area density at the spastic LAD was significantly greater in the VSA group than in the non-VSA group (G). There were significant positive correlations between the extent of VV formation and that of coronary perivascular adipose tissue volume index (H) and coronary perivascular TBR (I). Yellow arrows show adventitial VV. VV ¼ vasa vasorum; other abbreviations as in Figures 1 to 3 . volume index was not significantly decreased (E), coronary perivascular TBR and Rho-kinase activity were significantly decreased after medical treatment (F, G). Abbreviations as in Figures 1 to 3 .
Evidence for Coronary and PVAT Inflammation in VSA decreased at the follow-up after medical treatment.
To the best of our knowledge, this is the first study that demonstrates that coronary artery spasm is 
